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LINER EXPANDER 

This Invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner vherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore , a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit vhich is to be 
lined, the greatest peripheral dimension of the liner being slightly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, vhich is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first- stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or vail thickness, of the conduit in vhich the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside vail of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in veils 
deep in the ground, it is highly preferable that a tool be used vhlch under no 
circumstances will become stuck in the well or cause damage to the veil. Any 
such trouble occurring in a veil can result In considerable loss in time and 
great expense in making repairs. 

An object of the present invention Is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a vork piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, vhich 
10 expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device vhich comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
0 tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 
> Figures 1A, IB and 1C, taken together, constitute a partial cec- 

tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure LA taken at 
line 2-2; and 

Figure 3 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use In installing a metallic liner in a veil, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surfece through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 1? 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k elidably positioned on the shaft to serve as a second-stage 
expander, me surface of the member 24, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
Inside surfaces of the arms 22 and the outside surface of expanding member 24 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member 24 which moves upwardly 
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until it contacts shoulder 26 provided on the shaft . As member 24 moves in a 
downwordly direction arms 22 fold inwardly toward the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 26 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die 18 dravn through the liner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon vhich is mounted the first-stage expanding die 17- When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner 14 and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 24 is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant. force. The force exerted against the arm members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant so that either sticking 
of the tool in the casing or rupture of the casing ie precluded. Of course, 
the force provided by the spring member is preselected so that the frlctloaal 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels- The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
18 and held between the expanding element 2** and a cylindrical lower shoulder 
member 38 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 
10 element comprises shaft member 18 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads Ula and 4 lb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 38 is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines 1*5 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble is a friction member, such as bow springs 42, 
20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads 18a, e.g. right- 
hand threads, and the pitch, or lead, of threads Ida is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock-wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 
30 threads on a shaft approximately 1. 7-inch outside diameter and five and three- 
quarters threads/ inch square threads on a shoulder approximately 2. 5 -inches 
inside diameter. 
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Constant force Bpring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact vith the upper ends of the 
columns and is si id ably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member 46 contacts the lover endB of the columne and is moved 
upvardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screv element 39. Grooves kj are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
which the ends of the columns are Inserted. These grooves may^be shaped to 
conform vith the s;*ape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the" spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto vould cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shovn, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo-e toward, or away 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving down by lover shoulder 38 connected to the shaft 18. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43- Various alternative means for prevent- 
ing damage to the column element may also be employed. Por example, pine or 
rings mounted on the shaft may serve as stops, or the cover 48 provided vith 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columne. 

The columne of the column element 43 may be arranged around the 
shaft 18, vhich as shovn here forms a portion of the body of the spring 
device, with ends of the columne fitted in the races 47. The columns may be 
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fitted closely together as shown, or may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the column may be varied 
widely, and the column ends may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded enas, free to move within 
the races shaped to the curvature of the column ends. Materials which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel- chromium stainless steels, various copper base alloys, such 
) as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the shaft. Thus, with sufficient compression 
loading, the columns buckle, and bend about the axis haying the least moment 
of inertia, e.g., outwardly away from the shaft Id. 

For example, a group of columns 0.167- inch thick by 0.^8- inch wide 
oy 10.626-inchee long, with the ends rounded, were fabricated from A. I.S.I 
*OU0 steel, quenched and drawn at 575 °F. Each column was found to require a 
critical compression loading of 450 pounds in order to buckle the column. 
After buckling, the columns vere found to have a very flat spring character! s- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the snap- 
of this spring characteristic curve is described by curve OA'ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical- working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress just below the 
yield point may be used, while with, a great number of flexures, the working 
stress may be held to less than the endurance limit of the material of construe 
tion. In the above-mentioned tests, the lateral deflection waa limited to 
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approximately one inch, at which the longitudinal deflection was approximately 
0.225 iochee. Prom zero deflection to the maximum deflection, the ^50-pound 
loading was found to be substantially constant. 

In another test a. spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounda. The lateral 
deflection was limited between 0 and about 1.00 Inches by appropriately posi- 
tioning the stops. Upon compressions! loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0U inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds . 

Of course, In designing a spring element as above It is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the colunns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing is revolved. The friction member 1*2 engages with the 
wall of the casing and prevents thimble kl from revolving. With several 
revolutions of the tubing, lower shoulder 38 is moved upwardly by differential 
screw 39 to buckle spring element 37 which has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 2k, and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the arms outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool Is passed through the liner to 
expand it In the casing in the manner described hereinbefore. 
30 The foregoing description of a preferred embodiment of my Invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan from the description, and, as such, these fall vithin the spirit 
and 6cope of my invention. 
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I CLAIM: 

1 1. A device for expanding a metallic liner inside a conduit which 

2 device comprises a shaft element, an expanding die member attached to said 

3 shaft element, said die member comprising a movable liner-forming member 
k positioned on said shaft and being radially movable in respect thereof to 

5 contact said liner, an expander member slidably positioned on said shaft 

6 between said shaft and said die member to move said liner- forming member 

7 from said shaft, and a constant force spring member positioned on said shaft 

8 to contact said expander member and to maintain said expander member against 

9 said liner-forming member, whereby said liner-forming member is urged against 
10 said liner by a substantially constant force. 

1 2. In a device for installing an expanded metallic liner in a 

2 conduit wherein an expanding die is moved through a liner positioned in said 

3 conduit to expand said liner: a cylindrical shaft element, an expanding die 
k member attached to said shaft, said die member comprising a plurality of arm 

5 members disposed around said shaft and being pivotable outwardly therefrom to ' 

6 contact said liner, a cone member slidably positioned on said shaft between 

7 said shaft and said arm members to urge said arm members outwardly fran said 

8 shaft, and a constant force spring member positioned on said shaft to contact 

9 said cone member and to maintain said cone member in contact with said arm 

10 members, whereby said arm members are urged outwardly by a substantially 

11 constant force. 

1 3. The device of Claim 2 wherein said constant force spring member 

2 comprises a plurality of columns disposed around said shaft, a first bearing 

3 plate member and a second bearing plate member, each of said bearing plate 

k members contacting opposite ends of said columns, at least one of said bearing 

5 plate members being movably positioned on said shaft and being in contact 

6 with said cone member, stop means connected to said shaft to limi t the axial 

7 travel of said movable bearing plate member along said shaft, and compression 

8 means for maintaining a lateral deflection in said columns. 
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The device of Claim 3 vherein said expression means comprises 
a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 vherein said stop means comprises a 
sleeve- like element connected to said movable bearing plate member and 
slidably positioned on said shaft and a member connected to said shaft to 
limit the travel of said sleeve -like element. 

6. The device of Claim 3 wherein said columns have a rec tang ular 
cross-section, the width being greater than the thickness, and having the 
wider face normal to the diameter of said shaft. 

7. A device for installing an expanded metallic liner in a conduit 
vhich comprises a cylindrical shaft element; an expanding die member mounted 
on said shaft, said die member comprising a plurality of arm members disposed 
circumferentiaUy around the outside of said shaft and being pivotable out- 
wardly therefrom to contact the liner; a conical expanding member slidably 
positioned on said shaft between said shaft and said ana members to urge said 
arm members outwardly from said shaft; a plurality of slender columns, each 
having a long rectangular cross-section and disposed circumferentiaULy about 
said shaft; an upper bearing plate member and a lover bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 
columns; limiting sleeves attached to each of said bearing plate members 

and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said ana members to urge said arm members 
outwardly with a substantially constant force* 
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•onfact batween tfw ooaiult and tb» UOtr. to a typdoal «*«i«r of tola ten* 
agonal tool, too trLaXXuml dnc of «a> rir»c-«ta»* 41» *xjp±l»* to> 
axpaaU* Xorot for tf» wcooA-.faaa dlo, 4d* «j**dlac • 
fraction 6C B» vtxao^tB, or oali thlckaaau, o/ On conduit U **e* to* 
Hoar Is W*j laataUao. fcr txmapla, In Uia* oU vail caitra> oa»rj 
B> arnLL aaalxai at* trm a -vcr? onstlwl ftaoa aaroo naslta la oawla 
in tola* *»VirU to yaft. tta aasaoon 1fctom>v «aa Hoar. 
■jaUnatlw. of laa «iaa» ft«ai aaaalnA aty fMUU U wptwx Of KM out* 
ar la aaataaH **> laatollla* tool. I* Uataaaai *mmo t*o Haaraal 

»aav of aa» oontott 1* aoaaaaM Uo» taan taat ajUialaataa, ttn MfalU 
•onaa to* tool to toaoat ftcnak ta ate <*»mc, or ottemca 
i to «Mlx« «od tao tool, la otaar mxt *a iftaM 

m «aUla«rt osnaa anaxasaaat la aaplsaat i» aoaatotdoa ia« aaoanL- 
(Ua* Altj nrtom *lfflonlti»« «ao taooaat*»»o<t la cbtaiAiAi ■ fxis^ 
p^aUin atria* 1ip AaalMA rtrantfh la wMmtlnn Vila tat oaaw -prn« 
d.xeadltla, «M mth taa tool onaM t*»^»* W «H of 
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tuca twU erf V» tyjw Mauat4 •'tow of*t 4m mpJojfm It **U« 
AM* 1* fee 0rev4, *l i» M^lj py*f«fclo tM* A tool » imI *H«* °° 
HI— ■!■ VUI %MKK» ttUCk 1* U» VOU »r IMM ifg l %0 "U* *»7 

«cb tewftH oc*urrtB« in » «U md i* cm»llB»Me \m« U Um m4 

« o»>ot erf t» btmm4 fawtatloa la a *r»lo» to* »rlrU« m o«- 
>Wi f*rt» aa aaaanttac nla ar attar »l*ll«r anP«»la« aa taat a fra- 
•«u«tM hra 1* turn Mfti"* * w fe »»«». noottar n •* 

ty U ^ i — j— M-f (Ml Mr fatal Uaa atauit lim im » aaatem aaiaa 



I iMtalUd In tba m*a»\. 9tUi MBttr «fe>rt «f Urn lavMtta* It ■» 
•ccaoalaal nd aaall; MrinUA aoojtaat foot w1«« * farUar 

o»c* 1. a n>o< M*a-*o*iMraM «t-MlM tool m*\0IXM* H« • «Prt»C 
&rrlo*. Acm ant otaar caOaet* of ut umitico wlU ww* «pnra* V 
r aiare cca fto thr r»a lowing dMarlptle* »r t*a ImUmu 

& _.HL » ■!! vita tM prvxat l*»«atu« tkara U pnwload » 
•fc*L r«Mtt ipriM »*Anb nprlsM » *»j aaafc* 

.ltt idjaout Mi* **J- aaa*ar, bMTU* Mte 
MM 0* uli colw *> IMM CM of MlA I x vi M pl*t« 
SO . tUUMllY ■0«*V* *» TMMOt <rf ttH Otttf MA ltOp«NQI C- 

to Unit fefltftttap of Mid aol*»» iim H to prc*c*i> 

^gf^ll «lM .1MM»- B«M tM WliMtiC* Of » OSVPMMM M 



«m4m. AtHm U «al«7«4 iv • tot* t aa omhIjw ft MtalU* Umr LmH* 

tonya MJM&Ug &U M-*«r a««Wt tM MmT >«ll« iarl*U«4 l» *a 
»»M t by ■ MlMii Mally cowuat forw. 

Mr tnVMUM mil t* ^tbex m m wUoA V ta tM follow 

lag oooertftdou m1 ttt »«mwui AtmIsm wu*«t». 
90 nojm U, « «oA 1C, wn to^ttar, w»uwt» • partial aaa- 

tlowl nm of * pMf»ryM — aala a a t off • iiaw i 
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TitfM Sin M*ti»o»i »wv ftX tho W»nt«» ©r Ftcirt U tokoo «t 



Fl^or* )U» Vjt1o*1 tlek Of 0OfH*« l«*t wn** t*Cl*etU» for 



Stfirriif to U» Irartnn, Fipw U U iM ootto* poxtix* or o 

ILOftT mpmcUOt tO»l fV Mil IMtaUU* • -raXUO UDOX 19 » wrll. 
n«Mr» U tlaof tr ra* t»»« »IM1* ratio* of rah «* VX»X **3 Figaro 20 t*t*«« 
Mtu tt* <ro«r niMm or O* tool. Da nptniUW tool U It rtteW M> 
lUMtii wU tofeU* if % traiti 13 <ooi, %nLmUt, ny *o Irar** rra, tfa. 
■ortftoo tkragb o veil «im 0"* vo ft yaat 1* V* o**W «t tuch it 

U mini to rat-It • artoUlo lira*. Jot** U-tfU«| tt» tel Jito U* 
W U, n oloo^too oortleolly llw 1* foiricoboa CT» aUA ml, 



liaaj oooorttf i& raifeLcn tj »* WW •** * GjliodrJool 

■raJ***- raw 16 Ml, «t ikm lAwr a* by eoract «ltft a nrvt-oWjo «*P*°*- 
l^ttilT UU» Torn of • uaocMl circular w *»ra ■* « f int- 

ftf ouwnrtlot, <1» tn 1hr it-i- -~ j iw. ..pwodlag «• U 

ftxollr otUrad to s oostroOJy lo*«t#0, olflOfoto* rrUMrlcAl tooUoo oboft ^ 
•kit* rim » ^ortim of too or too tool, to ***** «- 'ii i rai i u o «* ^ 



» U bftU la tflftOo toraom • l»w ifaMUtf 19 waA ©olio* Jl uaraod onto Uw 
raft. .A pkiUVi of raoOU ra> 89, ra*rably jr^fi^A "it* onrarAljr 
gqpg Ol yortlcw 83 ***»* tfa» t^; ra Uy o — fl In U» Tom oC » ejtiirar 
**(ral ifctft 1*. aim«oa parttra ox wo «r»» *3 m*» ***** oaV * 
¥M 41 # oonrat ra lira- to votfrai t»o tiaml oto> of «ora«ioc tfa. oomsraA 
Uasr loto » ftratootlftllr tyU^iml ofcra. tw or. rater* K ftro llwUHj 
Ai«ra4 to tfct obsft oo M to to ■owtbl* cntovoiUj rroo U» raft tv * 

O^^l^ f\ it at OlAraj raiWJ « tb* oboft to »«ra mm m NooM<Kk|* 

•rantor. B* ««r/ra of ■ if i * at, ft* •beta, ora« raoiOLy W» 
otATt to oofOfo MIX* «m «m> czd rao Xtmm oetwemy. MLt»ta<tcw»lj, u- 
30 lnrtfto fturftojM of too *&* 22 oafl tto ouULoo oorfra oa* <«<«n^ing ■■■>or et 
nrf» VUH ftoottra, VsaeoUr oetocraa lo ooop». »• c«ra#loo *r tfc» ra 
^fc.f» u oo«trollftd>y «« raitl- of Vtm rabor » ttlch aom 



13791S 



http://patcnls I . ic.gc.ca/fcgi-bin/any2httnl 



0073628Ms.ifpPage4 



Page I of 1 





mm 







until It cont*Pte 86 pvilM co V* 1*0*1. M ^ w * 

domnUj diivcUo" W M f*ld l*»«xdl)r towO** t*- 

umm 22 wo Mid io »1a— as tM iMft by coU»i *T ood eircmUr CW> 30 
prorlAofl on tM oMlt. 

9M oaoyrlilot a**t— di« ««4 the m«mA. 

— r if 1» Iran IW#> tM lloor to OTMl* *> oooU*> V« 

fUot-»U* dlo partita, a frodt 4«f<mtion *M Uslr » tMt it U 
«x»oodod onwUj «#lMt Us nU of tt» ♦—<.»«. «- o»oood-ot*^ «1o tM» 

yUM, ttra^, tM UMf OOl JTtX** tM «OU WJ-mIm t© 0«JP«» tM X*-* 1 

» oorftoo of Uo uoor tot to irottdo mm owo oootoot Mtooto u* Uwrnd 
tt* -Mil «r u» moid* «as «rftct • notd-tigit woi. 

2» ct«*tloD, ttw Umt oottm* tool 1* — »oMaod at tM mrt*x, w 
4*«rTthD4 tod » gU» olcrU «*m*i-d rtth • nOWl MMTltl M 

mpopt ojwo* tM esmwrtol Ufl» tj> com tM liner. tJ» lOMooly U torrre* 
loto too mil OS tM ioootiott »i vtiioo tM ltoMf So to t» Mt. X liquid, raeo 
0* oU» 1* thoa * aoior promnro <mi »U tnhlag o>& flovi Comtfl 
tto iQJtojt-nj orovlM U £ollit*J rod 31, throu** porU >« «od loto •fiio^ 
4»r » pcBoootoJ to tM apoir oo* ax tM abonUcr Jo", ifcoo to* opoliortk* or 
flBW pKno. to tM ^ll^r, u~ oitto. H ow** poiUMd ml 51 MOM 

» ^jo^l, U «/lMdo* 5>. A. -Mom, «d 36 oaMooio polliM* xoJ >i. Md •Mft 
UB ofo» «m*» !• ooortod «M rurrt-»to«i pg o oaio g dlo 17. »» ji»»en. A 
■otto M«w«Iy temotfi too ntfiodor >3 too Mjoodlog dlo n ma *m iooooI. 
oiofto dlo tt mro *rt« tSom*4V 1«V> ■«« < oUa lUor 1* tcA Uw ort" 



toolM ««U of too OMiOf 1» *tU« tt la Mine iMMlloft. MiSooot oo tM 
oMft Ml** tM *w**Xat m**r * l» • ooowtont toaoo Bjolof xootar 77 
l* «plx»rp* to «vi tte •n«odl«« i-tw odoot tt* oxfbadlat nao M ottfc . 
ortotootloUr »MUnl foro>. V* fw« ««rt f d loUMt tM csa -wtoif 
ooMUotlolly »oMi*At, U» foroo tio«-oltt^ <on»o> «• ^ 
» UMr ood to loo 0**tO« *»U M oAotuctlolly oaootoot «■ U»t oltMs tUo^KK 
of too tool io tM oocloc or nwtnro of too cm*3»x !• jroolaflot. or cam, 
roroo frtrtLdoi tr tM ODrtlx »oM< ti pnasloctot op tt»t tM frletloool 
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/oroct bttwu too tool «* 1M ilM and »r»-«~ •■H*d «*tott it- W 
to* ar* ■aj otalaoi *l #r*o*-ur«l md aafe oon»toot fa*t* rprta* 

mrn^r umtt tto* tte KnUlt yJHWI WW V* U« lonlae porUU* » 

of to* M» aa It groat aoon* to ironda tte aptlxa* d«rt>ra«ta« oftt-a«. 
i*C |iiiwn^ *«o» -to u* aaa laf ox to tf« tort. 

B» wuuot toroo rprW —tor 37 " HldWj acuwa* o> v» ^rx 
VB aaf kmVI totoaaa taa «9w4las aiaa*at * at* ft cyUaftrtoal Mr oto«U** 
ml n )o fannac a partita »f a ftirtaraatlal »cw «to»*at # tM* Vtiaiti 
toa toaHag oa «H*a« ■■ " ■ ?T to taaft ■ H 36. *%■ atrarontSal •***« 

ift aatftor Ifl aft taa ootrtd* •* tola* mat«U toxaada 
l*r M 99 rrortdad *ito fammla taraad* 55- aaa tatoala 
^ Vl prorUai rlto |fti atof *la mi Kv> c» oatolfe ant to* imda, 
rc»pc«tt~ir, to a»p «Ita ttraad* on to- »**ft cad toe «to*Uar. B» too 
Mto of Uvaada ar* wraa, mxh 4f andlflai -v**+f or ana toreaA*, 

to vttaraU U#> toad* nd dir** to Fltoh «o th-i mentor » f -c«*» 
^ullr om Urn .toft l3 vfaao toa aWl la Jwroiwd nlrtJti to tMaal* *L 
fto abonUor 9» la aooatad to tte ataft id V oUdm *J » Oat It cai sUto 
loBdtmiaaUy. tatltiiwimilo xototo oa to. **SU Tl~aijr anaatod 
to too Ifloar •* «* tto totoal. to a rrirtica ae-tor. lo-h » to» **rt»a* **, 
• S^nUoftUr •ctoatad frtotiom pan, or otter wato aarlaa for rrUuecaliy 

rf »- f -i«v ^ UMUa mall of uo aosdslt to oeco*» too thtatd* ftoaiaat 
taUUM vita roworft *» tba atmfV rwrfwtoly, toa dlr^ttoa af to* afcauUar 
aaaoar Muaati J« }■ tti ato u dat 1bo -wrt ttea a da ft.f. rt***- 
haat toratoa, aad toa « l^d, or tor— di Ifia. to subtly irtotor fttoa 

taaft of M*aato 56a, irtto toa pltok raUo ton* to -ity. » t»*- ■ 
rvtouruoa of tte atorx nlfUn to taa IMtole aaaoa» 
Mr >8 to ac«oa opoord »Ua«tlj and • *oa*r«MtoB load %m «antod 
^rtly «m acrtai •Imm&t. 57 to vote ***ito* ror ««aa»to > oaa aatltr^tory 
aiff arontlal oerao nuadtiv oatoi flw •»* ooa-aalf iaitada/lack 
tonada ea a «4a*t •epradaataly 1.7-laea ontolto dlaaatar aafi Om aad torW- 
, thraada/itoa «r^» toraato oa a iteoKUi ajprnslaatoJjr *.5-laobc« 
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OtsutMLt fero r»ti«« *)aaa»4 M ooaoriMja «*«a» iUm^ W f 
UpoMU mrl^H of a alarailbx O* *Awm* *4. uood abaft 

1*. Hvk- Mm r3*t» — rtcr Uui» eoataot *ttb ib. a*»r aodj of t* 
«Oaa» aod W «Ht«^ aaaitLoaoi or> than ifl 1* twM* **• foreo of 



I jUtc «c-W »& aoataota «•* ta-a* aaO of too aol— » az* 1* l 
^ontl* alona *»» aaal* by ltxdMlail a ora a aa t tamUdar * * 

U me* or U» batrlaa: ate*** to fo*m art** «* » low * r **** 
Vm aa*o of tea tol— • aw lfiMcrteA. tbaoa frtww* «o ba axa*ad to 
ooM^t. alt* Mm AMQ of ooft* \t aaairad. * *• *" 

aaplajO* IO oxalate fcralj*, -tt«r fK» te» .^U* ******* a*A to prot^t 



• IMUk t2H daflootloa of U* Mil— 1» roViiwd. 



KxpraU** load -tbaroto **QA mm total f*liura or rqprtare of tea 
mbaa*. Iterrfm, • i*** «f "top* *0 mm 0 »$a an proriOd feflf tali purpo*. 
Aa abo«, toa atop* ara rtildlf eofiOMtot M tamrlmt ^ 
rfftxrt OMVnoo owot *o* »r U»Lbl»« yo.tU^-0 cb tbt abaft to 

all* JoogltadlaaUy teoraoa. Sm ando or tha »tcpa a*j toward, or W 
frw, aaak otbar a* tlw load ba «*> *arU* uabar low *te 

1. jaaaairtod f rm «*1*4 4ott >r W abort*. » .oaaaftted ta »« *. 
^ ^ mpudUH Vataaa- Mat oada la ~ab *a to Halt tea loagltaliaal 
to-^l at tea baarliB >l*f «aw tao-*^r to i 

*«r*Malloa of tea oolnan alaaaat «. Woo. *ltamatl^ i 

la. 1~ to tot oeJoaa aJaaaat «v»J«>W »«- aaa^to, |W or 

rlD«v aooataA oa ta6 abaft aay aarva *- »teoa. « tho oovar W pronoa* «Gto 
a^tablo ooaoaaoooa m* ta -J^r-i fw tola pnpoic W u-it WUOi^i 
and/or lateral aafloctlea of ooHaaaa. 

ooluBoa or tor colaao ela**M *3 aagr ta trraacad «noM tt. 
•oaft lA» - .boo tara rowi * aortloo of toa bad, of lot Otis* 

a***, «lth aada of «W fitba&ia tb. raooa »T. aoH»«a a>]r ba 
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rxrud OamIj tO^I^MT ** oooro, or n» S*T*A Tito 
itton utd totww tfc— w> Mtiatala too A*.*** «r*rlnB- Wo ~-**J of 
mOw** m>i^w3 vSU «vr«" ooloom tteiutvlkUei mod too «»wri*i* of 
oawUUMktw. for nqdi ( *iod«TX»w rotio of U» coliao v; w mrlM 
TiO«lf , t*m ooln all aoy "*• rand, fl*t, ft*»l «* blnflto . Cm k*tmt*I 
ocMXtroOic* li » tkU, «).^ur (tte *lto tow*-* fno to *lt»i» 

too itOM KM*** to too nmM« tr toft oeQom «oton»a mf W 

L far tpl— ■ m ««rVn m* low •Hoar 



Xo •* foopooo w, v^iaiw Mfier, V* kl«4 tfotol titer* ma Mkn riMlv 
omtariolo ororidiM ttUtfoCtoiy iwt tooJoml proportion Tj^looolj, to* L*H- 
«4n*l oolavi or Van* iti^tOu cro— oo et dw*, vil* u* tUth Vcloi 
fr«ot«r «w ik» ititknott, «nf »rr«#Kl to toot V* -ad«r Iwt af t>» uj*«» 
u tawoU to u» 41— Ui of a* tntm, Tbco, *tu» RulxcUBt Po^««ftii» 
taking, Xbm oolono tocolo, «al tesd •boat too mIx kwUQ too loo«t *wt 
or u»xtl», oamUj 017 f»w u- IB- 

fbr uwl^, t (reo* of ooi«w* D.lftMooo tolc*. Vy O.^lwh «lfe 
V 10.626-ineboo lont, t*d> tooM-a, v«t* r«brt»t«ii rroo l.X.fl.X 

*3ko mi. vhiM ~* *«*o> ot 375*1 • «• '<*m- r**iiro • 

» CrlttMl • VV C«Ml« loott-ff OX H50 JK«Dd> 1« ordw to bookie too otto*. 
. MW tamo* too hImu ooro fowl to o**o * wry tl*t -tru« cWoctort- 
tto, uiteln ?U«r* 5, *-roi« F B crtti-l. «miui| tool 00* roii»t> 

0 royrooooto tfao loo* mi 6*noctio* oi *fcto» «• 1* ojoteo-o 

of too In!— imiM u» yloi* v<Ui of tlm BtarUl. OooiwtlokU?. Uo n>-o* 
of tkt* 1^ o6*rot«rlrtle <wnr» t« dworlboft V ««rt. OA 'HO. *oto*iiy, 
Ml am It feoorifeol 0O0 Aut to Motion lo u* «y»too. ?o^** 4 -m ■ 
T«prM«t tyjloox wor»la4 U««U # «6Uoh, of oooroo, -»jr t« rmrixA Kcoraiog to 
«of U-rtioi) for *»doh lb* «prir>K U d*tl»iM. for OMiplo, «wt • »*r»i 
Mbtr of nmag or»>«» oro sot nttoiyotod^ • wrtdo* »t»w >wt bolov tbo 
50 ylolA polAb b» oooi, ^4J* «t*h • poM. oo»»w of flw»roo, tho raklsi 

atro«» mr %• to Urn «ou to* ootaroM* tl»lt of too oMortoJ of ooDttrae- 
tto*. u too *bort-EontSoo^ to*t«. too UtmO uoxaootloo w» l-toit^ to 
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»Pfivamt»is ow inck, at vfHoh too lor»iaau*i 4«flc»«-> » 

o.tt? totoo. rro- ~n> tefl*«u«o V> u- Mm trftoeuo.. u. *50-powd 
l ^ailaj tu tovod to to MteUBtUll7 ooo»U*t. 

X» —otter %Mt ft oprlm to*o» m teUV *» «»to7tot » 
, teTlne * erittcol tockltof Jo*o «f U5* 4 * u,ml 
i Halto* vtw« 0 nd itort ) .00 loch., to ■ 
UoaIm too otof.. «*» oa gr o. l f w . 1 to— tofc to* «*■ 
MMWIUlIj nflftni X— Itoofl o*i"U-io* of O.C* 1«M 

& 0,15 iao>»» MdMi w<w«m'y «i 



V tMm, to misiai » aploc .to**** •*•». Si to 
i to* cTMtxrt ^au* i»1m *f lo»«tfc«ii*oi o*no*u** cur fpociilod 
wia^ of 1.1 r— toftocti* orittc*! teW^f to*a, toll* •mSftoinl** 
«k* »tM*» to»ol to t*» ooJ»o «t » **** l**ol- frMfOJiO* OOl»M 

i woo la n«*%* u ft, idi* «&a»u n*t . 



X> too opoTttto* or too obovo cxpttotot tool ■ Ul « 

1» —11 OMtotf, tto ato>*9 toOl L» towoxoi W»tbiHU« oo.ttoo-4 toor.. 
with to. «»* O 1* too roto~l«4 pooitooo- ooom too *«ol to o* < 
83 Iral, to* ^11 tootof to «*^^- *» frtototo 1 

«1 rr 



id to ton 



m ct to* tUW, taw toomlAf 38 to w^C 
30 to tootoo opotof olow»% JT 



dtoO* nj^"i>r l#lto to* 10RT €Bd Of - 

lMvmU j to. m Lta tojtm m*Um * «*#^ »"* ^* ** 

MA. or too to » ore* too <OflO* ootoutl* * ootetoshtolU 

avutoa* f^n. joopoxtooOAl *o tto critiool owa*0to« too* at UO •prtof 

.1— ffj MMVMUl, Ul« «XPM*Uf tOOl 1» to**-* «»«^ to. UoOF to 

•iCtta It to to. co*n* to too omat toicritod h»roito.fo~- 
35 to* foroojxU* to^rtytloo of 4 p**f*rroi o tooAto J P 

to. *,»* iw to. pBpoo. i «*iifiomto. itidnb*«^t«odi 
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